Exposure of the MoS 2 resonator to a gas has a notable impact on the measured mechanical response. In Fig. S1 we plot the measured mechanical amplitude as a function of frequency for two separate cryostat chamber pressures: under vacuum and at atmospheric pressure. With exposure to atmosphere, the frequency of the fundamental mode increases by ~0.9 MHz while the full-width-at-half-maximum, Δf, increased by ~1.3 MHz. The presence of the gas within the chamber significantly dampens the resonator motion such that the quality factor, Q, decreases from > 90 to ~16, and the product Qω = Q*(2πf) decreased by an order of magnitude. All experimental results presented within the main text were carried out with the cryostat chamber under vacuum (pressure ~ 10 -6 Torr), and after an extended pump down period
Influence of chamber pressure on mechanical response:
Exposure of the MoS 2 resonator to a gas has a notable impact on the measured mechanical response. In Fig. S1 we plot the measured mechanical amplitude as a function of frequency for two separate cryostat chamber pressures: under vacuum and at atmospheric pressure. With exposure to atmosphere, the frequency of the fundamental mode increases by ~0.9 MHz while the full-width-at-half-maximum, Δf, increased by ~1.3 MHz. The presence of the gas within the chamber significantly dampens the resonator motion such that the quality factor, Q, decreases from > 90 to ~16, and the product Qω = Q*(2πf) decreased by an order of magnitude. All experimental results presented within the main text were carried out with the cryostat chamber under vacuum (pressure ~ 10 -6 Torr), and after an extended pump down period 2 (on the order of several days minimum) to assist in the removal of physisorbed water on the surface of the resonator and to ensure minimal energy dissipation due to gas friction.
An estimate of the dissipation due to gas friction S1 at room temperature and under vacuum can be made using the expression !"#
Torr is the gas pressure, ρ ~ 5,060 kg/m 3 is the MoS 2 resonator density, v avg ~ 500 m/s is the mean speed of thermal-molecular motion based upon the equipartition theorem, t and d are the resonator thickness and diameter, respectively, µ ~ 0.028966 kg/mol is the mean molecular weight of the gas, and R = 8.314 J/Kmol is the universal gas constant. We assume the same heat 4
Cubic fit to f(T):
The cubit fit to the data shown in Fig show an apparent saturation in the FWHM for T < 200 K. These results demonstrate that the order of magnitude of τ ph (on the order of 1.0x10 -12 ) remains the same from room temperature down to temperatures below 100 K, which ensures that 1/τ ph >> ω and that the Akheiser regime remains applicable in few-layer MoS 2 devices at low temperatures.
Temperature-dependent data analysis:
The data fittings shown in Fig. 4 of the main text were carried out by using the expression
where ! represents a constant coefficient and free-fitting parameter and
is a dissipation pathway. The figure 4 data fittings were found by fitting the high and low temperature data (above and below 110 K) to
, where R, L, M and S are constants and are used as the free-fitting parameters; , specifically C v , C p , γ, ρ, v, E and α have all been experimentally determined for MoS 2 and we use these experimentally determined quantities within the data fittings (E is the Young's modulus found for our MoS 2 resonator, which is reported on page 7 of our manuscript). Second, the fitting parameters R and S contain additional information such as mode-participation factors S3 and information related to device geometry and 6 structure S4 . Prior studies S3,S4 have accounted for such factors and information by incorporating them into a constant of proportionality term to each dissipation pathway, which is the convention that we adopt for our data analysis. Third, the scattering times τ ph ~ 2 ps and τ s ~ 1 µs ( to the overall measured dissipation, which is why we refrain from using the scattering times as free fitting parameters in the data fittings.
The following Table S1 summarizes the results of the data fittings, and the dissipation contributions from each pathway (right four columns of Table S1 ) can be compared to the overall measured dissipation, 
